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TRANSPORT ALONG THE PLANT OF CARBON DIOXIDE ABSORBED THROUGH THE ROOTS
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Since the time when the ability of green plants to assimilated carbon
dloxide was discovered, the assumption has alwnys been made that this gus is
resorbed exclusively from the air. The possibility that CO2 or carbomate could
be taken up from the soil through the root system was neglected. Under the
circumstances, the Stakhanovite ylelds obtained in agriculture puzzle physiolo-
gists, vho are unable to explain how & 0.03% content of COp in the sir can pro-
duce such a vigorous growth of organic matter in large texrritories occupied by
Intensive agriculture.

Inadequate work on the utilization of COp from the soil led to under-
estimation of the role played by humis ju viological processes and also resulted
in an inaccurate understonding of probleme connested with the use of inorganic
fertilizers. Warnings thet the idem of exclusive nutrition of plants through
the air may not be correct were regaxded as conservative attempts to reinstate
the discarded theory of humus nutrition. Insufficient attention has been pald
to data obtainod during the past 15-20 yesrs to the effact thet C0o mey be re-
sorbed through the roots.

Taking 11 this into consideration, we launched in 1951 & thorough investi-
gation of the problen of cerbur dioxide nutrition of plants through the root
system. The preliminsry experiments (1) alreaedy shoved that 25-30 day-old

" kidney-been plants, the roots of which have been immersed into a nutrient solution

containing a small quantity of Naﬁcl‘*o_:;, take up carbonate and transport it to
the leaves and other parts of the plant where rhotosynthesis takes place under

formation of products containing clk » Parivicularly of sugar.
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The most reasonsble assumption was that carbonates or free carbon dioxide
are lmbibed by the roots together with water, and that these compounds are
carried up by the transpiration current to the leaves. To check the correct-
ness of this assumption, we set up experiments in which both the ovrntity of
carbon dioxide resorbed from the solution end the quantity of water taken up
simltanecusly by the same Plant were determined. Typical results obtained in
this manner are listed in Table 1 ﬂablea referred to are appende_q7. Correlation

To determine the rate of motion /of the substances involved » we used
sodium carbonate and free carboa dioxide which contained Cll4, Tn the case of
the first substance, the roots of kidney-bean plants were inmersed in an 0.02%
Na2C03 solution containing 0.5 pof radicactive carbon per 10 ml; in the case
of the second substance s the roots were placed into an enclosed atmosphere
contalning 3-5% €Oz gas which had the same degree of redioactivity. In a1l
experiments, measures were taken to Prevent the diffusion of free 01“02 ‘through
the surrounding air to the leaves. During the whole experiment, the leaves
were exposed to light, while the stalk was kept dark by shielding it with tin
foil. At various time intervals, disks were cut from the upper pair of leaves
with the aid of a cylindrical borey. These disks were tested for radicactive
carbon by means of a counter. The results are illustrated in Table 2.

The values listed in Table 2 chow that tke rate of transportation of Cll‘
in the plant is such that within a few minutes after contact between the roots
and the carbonate solution has been established, the radicactive carbon isotope
is detected in the upper pair of leaves, 1. e., at a distance of 18-20 cm. from
the roots. The rate of motion is still faster in the case of CO2 gas. If the
stalk of the plant contains chlorophyl) (a5 it does in the case of the kidney
bean), the major quantity of CO» 1is intercepted by the green ctlls of the stalk
and does not reach the leaves. In case the stalk is shielded (1. e., kept in
the dark), carbonates or carbon dioxide pass through it without interference.
They are directed chiefly into the upper pair of lzaves vhich have not yet
opened completely, and only at a later time begin to accumilate in the lower,
completely grown leaves. Thig is illustrated by the data in Table 3, which
refer to two kidney-bean plants. The stalk of one of them was illuminated,
and that of the other darkened by covering it with tin foil.

The accum:lation of C14 in the illuminsted stalk is shown in a 8tilil more
striking manner in photographs showing radiation emjtted by plants which have
absorbed carbcnate containing labeled carbon through the roots. It can be
seen frm Figure 1 that in the case of the normally [completely7 illuminated
Plant, the major part of heavy curbon accumilates in the roots and the middle
paﬂt of the stalk, vhich is richest in chlorophyll. Above the middle part, {
o4 1g detected only in insignificant quantities » Particularly in the leaf
petioles. If the middle part of the stalk is shielded from light, labeled
carbon is not retained there, but reaches the leaves s where it sccumulates
in considersble gquantities. .

A3 judged from the photographs, carbonate and carbon dloxide that have
been resorbed by the roots apparently move to the leaves along defivite lines.
These lines presumably correspond to vasculur-fibrous bundles. The data of
Table 3 and Figure 1 enasble one to understend the biological significance of
chlorophyll that is present in the stalks of many plante, where it develops
regularly nctwithstanding the low degree of adaptation of cutin-covered stalks
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to the utilization of C0o from the atmosphere. In the light of the experiments
which have been desecribed » the function of chlorophyll in the stalks mist be
assimilation of the carbon dioxide which enter through the roots. In thig
manner, the energy expended by the Plent to move assimilated products from

the leaves into other organs is undoubtedly reduced. Another very important
circumstance connected with the Jresence of chlorophyll in stalks is formation
of a considerable quantity of oxygen which is due to the assimilation of

carbon dioxide that takes Place in them. This axygen is necessary to support
the very intense respiration which is typical vascular-fibrous bundles.(2)

It has already been shown that resorption of COy or carbonates by the
Toots proceeds independently of water resorption through the roots. At the
same time, exposure of the leaves to light sharply increases the accumlation
in all parts of the plant of carbon dioxide resorbed from the solution, This
Thencmenon must be regarded as due to a8 correlation between the functioning

t of the root system. The underlying relationship is
illustrated by the experiments represented schematically in Figure 2,
experiments, the stalks of the prlants were shielded from light.

The proportion of carbon dioxide taken up through the roots must vary

. with the conditions under vwhich the plants exist and also withi the specles and
age of the plants. We found that in experiments carried out in the laboratory
witn 9-15 lday-o0ld kidney-bean Plants, one g of fresh roots absorbed during one h
2.4-b.% ng of €O, from an stmosphere containing 0.8-1% COa. A carbon dioxide
content of 0.8-1% correspends o the average CO, content of the atmosphere of
podzol soils. Carrying out calculations on the basis of the figures cited
above, we found that 3-5 mg of COs are lifted up to the leaves per 100 sq cm
of leaf surface per nour. This is approximately 1/b of the quantity of carbon
dioxide that is resorbed by leaves from air if the photosynthesis is intensive.
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Table 1. Absorption of Carbon Dioxide by Roots From & Solution and
Absorption of Water. (in mg during 1 31/2 hr)

Quantity
) of COo
Content . . Which Corr- Ratio of
of COz in esponds to €0y Cal-
Source Kind of 100 ml of COp Ab~ Water the Water culated to
of CO» Plent Soln sorbed  Taken up Taken Up CO» Absorbed
15-day-old )
NaHC03 kidney 31.h 1.6 220 G.07 1:23
bean
15-day-old
NaHCO5 kidney T7.3 2.5 520 0.40 1i6
bean
20-day-o0ld
NaECO3  sunflower 4.4 1.6 560 0.42 1:h
15-day-old
C0o kidney bean
[same?] 8k.1 5.3 219 . 0.18 1:29
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Into the Leaves of Kidney-Bean Plantg
per min per disk cut from the leaves)

[Captions to figures. follow.7

Figure 1.
Which Received Nﬁecll*o

norigelly illuminated s
light.

Figure 2. Effect of Light on

A:
from the leaves »
darkness - 152 i
*the roots.

Photographs Showing Radiation From 12
Througk the Roots for 2 Hours
galk, B a plant the stalk of vhich was shielded from

the Accumnlation of C1¥ Feom an W
Solution by 10 -Dey-01d Kidney-Bean Plants.

Duretion of experiment 2 hrs,

plant exposed to light - 4,800 impuices
192,500 impulses per min
mpulses per min from the leaves )

. Supplied in the o Supplied ip
Time (min) Form of Nagclkg_:’ L2 Form of ¢4,
—_— _—

5 o 5

16 10 7

15 el 24

20 -- Ly

25 33 --

30 - 62
Table 3. Distribution of cll‘ in 15-Day-014 Kidney-Bean Plants Depending On the
Illundnation of the Stalk. Roots Tmmersed in & 0.025¢% Solution of Fanclhg, ;
Duration of Experiment 3 hours. (impulses per min per 1 g of fresh plant)

Stalk Exposed to Light Stalk Davkened

Stalk 3,170 1,337

Lower Leaf 0 960

Middle Leaf 360 1,800

Upper Leaf 0 2,593

-Day-0ld Kidney-Bean Plants
» A 15 a plant with a

BeclhO3

Per min /Gue to radionctive carbon/
from the roots. B: plant kept in
6,390 impulses per min from




